O BJECTIVE : The objective of this study was to examine the utility of capsule endoscopy to detect mucosal abnormalities in dogs with gastrointestinal haemorrhage. M ETHODS : Capsules were administered to 2 healthy controls and 8 patients with gastrointestinal haemorrhage. Images were evaluated for quality, gastric emptying time, small intestinal transit time and presence of lesions. R ESULTS : There were no adverse effects of capsule endoscopy in dogs weighing from 7·7 to 58 kg. The capsule traversed the entire gastrointestinal tract in 5 of 8 patients, with high quality images obtained in the stomach and small intestine. Gastric emptying time and small intestinal transit time ranged from 1 to 270 and 15 to 180 minutes, respectively. In 3 of 8 patients, the capsule remained in the stomach despite pro-kinetics. Gastric lesions included mild haemorrhage and pinpoint erosion (4 of 8), a mass (1) and thickened bleeding pyloric mucosa (2). Two of 3 dogs with capsule retention had gastric lesions.
INTRODUCTION
Capsule endoscopy (CE) is a non-invasive endoscopic imaging technique that has been used for over a decade in human patients (Iddan et al . 2000 ) . Clinical applications of CE include occult gastrointestinal (GI) bleeding, non-steroidal anti-inflammatory drug (NSAID)-induced damage, Crohn ' s disease and neoplasia (Adler & Bjarnason 2012 , Eliakim 2013 . In people, CE has been consistently superior for the diagnosis of small bowel disease compared to alternative methods such as small bowel radiography, computed tomography and push enteroscopy (Appleyard et al . 2000 , Hartmann et al . 2003 , Voderholzer et al . 2003 , Hara et al . 2004 ) and has equivalent diagnostic yield to double balloon enteroscopy (Pasha et al . 2008 ) . Balloon enteroscopy has recently been performed in experimental and client-owned dogs, but it requires general anaesthesia, is restricted to dogs greater than 10 kg (antebrachium > 18 cm) and requires oral and anal intubation to evaluate the small intestinal mucosa (Ayala et al . 2011 , Sarria et al . 2013 , Kook et al . 2014 . Initial capsule studies in dogs focused on evaluating GI transit time and motility (Chang et al . 2008 , Boillat et al . 2010a . Subsequent studies examined anthelmintic efficacy, where CE provided high-resolution images of hookworm infection and allowed assessment of worm burden (Lee et al . 2011 (Lee et al . , 2014 . These results suggest that CE could be a useful, non-invasive method to identify mucosal lesions in the canine gastrointestinal tract (GIT) . The objective of this study was to evaluate the feasibility and ability of CE to detect mucosal abnormalities in dogs presented for investigation of GI bleeding.
MATERIALS AND METHODS

Animals
To evaluate CE in a clinical setting, we first recruited 2 clientowned, clinically healthy dogs, a 2.5-year-old, neutered male (NM) Great Dane and a one-year-old, spayed female (SF) Labrador retriever. Subsequently, we evaluated eight client-owned dogs (2 to 12 years old; 7.7 to 40 kg) with clinical signs and laboratory abnormalities consistent with GI haemorrhage (Table 1 ) .
Equipment and procedure Dogs were fasted for at least 12 hours prior to the procedure. The CE was performed with the Olympus Endo Capsule ® System (Olympus America Inc.). The technical specifications for use in dogs have been described (Lee et al . 2011 ) . In brief, the system consists of the wireless endoscopic capsule (Endo Capsule ® ), external receivers connected to a recording device and a computer workstation. The 11 × 26 mm capsule contains a two-frame-persecond camera, light source, radiofrequency transmitter and an 8-hour battery. Once ingested, the capsule is propelled through the GIT by peristalsis. Data stored in the recorder are downloaded onto the workstation for review. A real-time viewer is also available to monitor capsule progress through the GIT. Recording was stopped once the capsule entered the colon or its battery expired. Images obtained were analysed using the Endo Capsule ® software.
RESULTS
Capsule endoscopy of the 2 clinically healthy dogs was safe and well-tolerated and enabled high-quality real-time imaging of the stomach and small intestines in these large breed dogs. Capsule-acquired images from various areas of the GI tract of these clinically normal dogs are shown in Fig 1 . The capsuleacquired images revealed hookworms in one dog ( Fig 2 ) and a gastric erosion in the other. Gastric emptying time (GET) was 218 minutes in one dog, 11 in the other; small intestinal transit times (SITT) were 146 and 97 minutes, respectively. Data for the 8 clinical cases are summarised in Table 1 . The median GET and SITT for these clinical cases was 37 (range 1 to 270 minutes) and 113 minutes (range 15 to 180 minutes), respectively.
Case 1 had been treated for idiopathic thrombocytopenia associated with haematemesis and melaena. The patient had a partial response to immunosuppressive therapy using dexamethasone and mycophenolate (platelet count 58 × 10 3 / µ L on discharge from the hospital), but re-presented with haematemesis 17 days later, at which time platelet count was estimated at 40 to 80 × 10 3 / µ L. CE revealed mild gastric haemorrhage and pinpoint mucosal erosions, cobblestone appearance and the absence of normal villi within the proximal duodenum and an ulcerated/ erythematous region near the ileocolic junction that could not be completely resolved due to the presence of faecal material (Fig 3 ) .
Case 2 presented for acute haematemesis. The patient had a prior medical history of a portal vein thrombus of unknown aetiology and multiple acquired portosystemic shunts (MAPSS) and was asymptomatic at home on medical and dietary management during the 4 months since diagnosis. Baseline clinicopathological evaluation, including coagulation testing, demonstrated mild thrombocytopenia (platelet count 137 × 10 3 / µ L) but no other significant abnormalities. The patient subsequently developed severe haematochezia during hospitalisation. Unfortunately, the capsule remained within the gastric lumen (Fig 4 ) despite administration of pro-kinetic agents (metoclopramide, erythromycin); the patient vomited the capsule approximately 36 hours after administration. The capsule-acquired images revealed a small amount of haemorrhage and pinpoint erosions of the gastric mucosa, similar to Fig 3 A, B .
Case 3 presented for suspected immune-mediated haemolytic anaemia following treatment with cephalexin and topical corticosteroids for a lick granuloma. The patient developed vomiting and severe anaemia (PCV 15%) approximately 8 days after starting therapy. 1 mg/kg prednisone daily was initiated by the referring veterinarian 3 days prior to referral. Significant physical examination findings included pale, icteric mucous membranes, pinpoint retinal haemorrhages, cranial abdominal organomegaly and melaena. The patient had haematological abnormalities suggestive of disseminated intravascular coagulation (DIC) (see Table 1 ). The capsule revealed a proliferative gastric mass in the region of the pylorus (Fig 5 A) . The patient stabilised with supportive care, including a whole blood transfusion; upper GIflexible endoscopy confirmed the presence of a pyloric mass and ulceration (Fig 5 B ). Histopathological evaluation of endoscopic biopsies revealed focal chronic gastric hyperplasia, which was not considered to accurately represent the probable neoplastic nature of the lesion.
Case 4 presented with a 3-month history of lethargy. Mucous membrane pallor, haematochezia and melaena were evident on physical exam. A complete blood count (CBC) revealed microcytic hypochromic anaemia, consistent with iron deficiency. Zinc-sulphate faecal flotation demonstrated a single tapeworm egg thought to be from a non-canine species. CE revealed frank blood within the stomach and a focal area of erythema within the pylorus (Fig 6 A, B) ; however, the capsule did not pass into the duodenum despite administration of metoclopramide. An upper GI endoscopy detected pinpoint erosions of the gastric mucosa and an abnormally friable small intestine (Fig 6 C) . Endoscopic biopsies were characterised by mild multi-focal subacute eosinophilic gastritis with questionable ulceration or crush artefact noted on one biopsy and moderate, diffuse, chronic, lymphoplasmacytic, neutrophilic and eosinophilic enteritis with superficial mucosal oedema. During the endoscopy procedure, a new endoscopic capsule was placed in the proximal duodenum using a Roth Net ® Retriever (US Endoscopy). The capsule revealed tapeworms within the distal small intestine (Fig 6 D) . Frank blood was also noted in the colon; however, specific lesion detection was hampered by faecal material (Fig 6 E ). This patient subsequently underwent a colonoscopy, which demonstrated extensive mucosal lesions suggestive of angiodysplasia (Fan et al . 1999 ) (Fig 6 F) .
Case 5 had a 1-year history of presumptive systemic lupus erythematosus, chronic renal disease, hypertension and dermatological disease (sterile nodular panniculitis, otitis externa) that had been treated with 0.06 mg/kg PO dexamethasone for every 3 days, 1.4 mg/kg cyclosporine daily and 0.2 mg/kg amlodipine daily. The patient was presented for investigation of inappetance, progressive lethargy and a newly developed microcytic, hypochromic anaemia and hypoalbuminemia. Mild haemorrhage and pinpoint erosions were identified in the stomach and small intestine during CE, similar to those observed in Case 1 (Fig 3 A, B) ; no other lesions were noted. Case 6 was presented for evaluation of fever, abdominal pain, vomiting, regurgitation, haematemesis and melaena. The patient had been receiving carprofen intermittently for osteoarthritis and had recently been treated for dermatitis, otitis and lethargy with flunixin meglumine, triamcinolone, prednisolone, flumethasone and topical gentamicin. On physical exam, the dog was depressed, pale, exhibiting abdominal pain and had melaena on a rectal exam. Significant laboratory abnormalities included a marked leukocytosis with mature neutrophilia and a left shift and monocytosis. Abdominal ultrasonographic (AUS) findings were consistent with a diffuse gastro-enteropathy. An upper GI flexible endoscopy revealed moderate distal esophagitis, a diffusely irregular stomach with evidence of pinpoint erosion and multiple (>10) deep ulcerations in the proximal duodenum (Fig 7 A) . The patient was maintained in the hospital on supportive care and showed marked clinical improvement. Six days after initial endoscopy, an endoscopic capsule was administered to re-assess the duodenal ulceration. The capsule revealed almost complete resolution of ulceration with only mild persistent mucosal defects and mild gastritis remaining (Fig 7 B, C) .
Case 7 was presented for investigation of an episode of melaena. The patient had a history of a chronic (>2 years), nonregenerative anaemia, medically-managed hypothyroidism, ionised hypercalcaemia and a recently diagnosed thyroid follicular carcinoma. A capsule endoscopy was performed to rule out significant intestinal lesions prior to pursuing treatment of the thyroid carcinoma. The capsule demonstrated mild haemorrhage and pinpoint erosions within the stomach similar to those seen in Cases 1, 2 and 5 (Fig 3 A, B ) and multi-focal patchy regions of villi that appeared white and dilated, suggestive of lymphangiectasia (Chamouard et al . 2006 ) (Fig 8 ) .
Case 8 was presented for epistaxis and presumptive idiopathic immune-mediated thrombocytopenia (platelets undetectable on automated reader; platelet count estimated to be 0 to 1/hpf ). The referring veterinarian had prescribed 3 mg/kg prednisone daily and 11 mg/kg doxycycline for once a day prior to referral. The patient developed persistent, severe diarrhoea with melaena despite increased platelet count (69,000/ µ L); AUS revealed a focally thickened and hypoechoic region of the gastric wall; consequently, CE was performed. The capsule remained in the stomach despite administration of metoclopramide and was vomited approximately 8 hours after administration. Imaging of the stomach was hindered by retained ingesta despite greater than 12 hours of fasting; however, a focal area of gastric haemorrhage was evident adjacent to an area of irregular gastric mucosa presumed to be in the pyloric outflow tract (Fig 9 ) . Diarrhoea and melaena were resolved with supportive care, and a repeat AUS
DISCUSSION
In humans, CE is recommended as the next diagnostic step after negative upper and lower GI endoscopy in cases of suspected GI haemorrhage and is increasingly used as a first-line diagnostic tool in these cases due to patient tolerance, high negative predictive value and high diagnostic yield (58.4 to 86.8%) (Eliakim 2013 , Santhakumar & Liu 2014 ) . In the present study, many of the patients had systemic illness that rendered them unsuitable for general anaesthesia and traditional flexible endoscopy, or the pet owners declined endoscopy due to cost/invasiveness. Therefore, CE was used as a first-line assessment tool in these patients, though that was not necessarily the aim of our study. As such, our findings and their presumed clinical significance may not be directly comparable to human CE studies that have followed upper/lower GI endoscopy.
In the present study, CE detected mucosal abnormalities (frank blood, mucosal lesions, parasites) in all clinical cases that had a complete study. The lesions identified by CE were considered to represent a significant source of GI haemorrhage in four of seven dogs with active bleeding. Two of these dogs had solitary gastric lesions (gastric mass, haemorrhage and an area of irregular pyloric mucosa), one had concurrent gastric and colonic bleeding (thickened bleeding pyloric mucosa and colonic angiodysplasia) and one had an ulcerated erythematous region in the ileocolic junction.
The gastric lesions identified by CE correlated with ultrasonographic findings of inconclusive hypoechoic mural lesions ( Case 3 , probable neoplasia) and irregular pyloric mucosa ( Case 8 , hypoechoic wall with loss of layering). In one dog with a gastric lesion ( Case 6 ), food in the antrum precluded accurate ultrasonographic examination. Sonographic evaluations of the dogs with ulcerated ileal mucosa and colonic bleeding related to angiodysplasia visualised by CE were within normal limits. Thus, CE served to both confirm ultrasound findings and provide new information on the nature of mucosal lesions associated with GI haemorrhage in 4 of 7 patients with active bleeding. This study utilised the original model of the Olympus Endo Capsule System that has since been replaced with an improved, higher-resolution capsule; thus, technological developments in newer models may further enhance lesion detection in clinical patients. In addition, with increased availability of balloon enteroscopy in veterinary medicine, once lesions are observed by CE, hospitals possessing balloon enteroscopes could follow up with biopsies or interventional measures, thereby improving diagnostic and therapeutic outcomes.
Mild gastric haemorrhage and subtle pinpoint mucosal erosions were noted in 4 of 8 patients. The significance of pinpoint gastric mucosal erosions, the only mucosal lesion detected by any modality in 3 of 7 dogs with active bleeding and any association with active gastrointestinal bleeding, is unclear. A previous study (Appleyard et al . 2000 ) found no histological evidence of mucosal damage in the small bowel of dogs after CE, so this is unlikely to be the result of capsule passage. Further studies are required to determine the significance of these lesions to blood loss.
CE is often used for the detection of NSAID-induced GI ulceration in human patients. In the present study, CE was used to non-invasively evaluate healing of combined NSAID-and glucocorticoid-associated ulceration that was diagnosed via an upper GI endoscopy. The severe, multi-focal nature of the lesions detected at endoscopy, but not suspected on the basis of ultrasonography, suggests that these lesions would likely have been visualised by CE. This has important diagnostic implications as patients with NSAID-induced ulcers are often too unwell for early endoscopic evaluation. While the objective of this study was to evaluate the ability of CE to detect mucosal lesions associated with GI bleeding, it is noteworthy that 2 dogs had nonbleeding lesions of the small intestine -a cobblestone appearance to mucosa with absence of normal villi in one and multi-focal patchy clusters of white and dilated villi suggestive of lymphangiectasia in the other. These findings suggest that CE might also be useful for detecting mucosal lesions associated with chronic enteropathies.
The dogs in the study exhibited marked variation in GET and SITT, with three dogs failing to move the capsule into the small intestine and/or vomiting it up. It might be anticipated that dogs with underlying gastroenteropathy might have altered GI motility, leading to abnormal gastrointestinal transit times; however, we could not find an obvious relationship between the two. Indeed, the GET and SITT of the 2 control animals were also markedly disparate and overlapped with those observed in the clinical cases. Similarly, values were comparable to those obtained from 36 clinically healthy 6-to 7-month-old research beagles infected with various intestinal nematodes (mean GET 1.94 h, sd 1.40 h; SITT 1.15 h, sd 1.01 h; A. C. Y. Lee, unpublished data) and those published in a recent study on healthy dogs 20 to 26 kg (Rychlik et al . 2014 ) . Finally, several patients had varying degrees of systemic illness (such as DIC, systemic lupus erythematosus, immune-mediated thrombocytopenia), and the effect of these diseases on GI transit time is uncertain, particularly as studies in humans have shown increased transit times in critically ill trauma patients (Rauch et al . 2012 ). This may have contributed to a lower rate of complete examination in our study (5 of 8 dogs=63%) compared to the 100% observed in healthy client-owned dogs (Rychlik et al . 2014 ) and 83% in parasitised research beagles (Lee et al . 2011 ) . The small number of cases in this feasibility study limits our ability to draw conclusions on alterations in GI transit times in dogs with GI or systemic disease versus healthy animals.
Rapid capsule transit and lack of insufflation as employed in flexible endoscopy of the stomach may impede identification of lesions by CE in this region. In particular, in one patient in this study, the capsule was noted to pass through the stomach within seconds, which raises the concern that a gastric lesion might be missed with overly rapid passage of the capsule. As Endo Capsule ® is designed for evaluation of the small bowel and not the stomach, this limitation is to be expected and should be kept in mind if this imaging modality is used alone for the diagnosis of GI haemorrhage. As the Endo Capsule ® captures only two images/second, there is concern that subtle intestinal lesions may also be missed with rapid SITT. Lesions falling outside of the capsule ' s field of view would likewise not be observed. However, one would expect to note the presence of frank blood or melaena during the capsule ' s passage if a severe lesion was present. Studies in humans have shown that a negative CE study is associated with a low rate of recurrent bleeding (Macdonald et al . 2008 ), attesting to the ability of endoscopic capsules to detect clinically significant lesions.
The persistence of ingesta within the stomach and small bowel or faecal material within the colon precluded full evaluation of the mucosa in these regions in 3 patients. All dogs were fasted for at least 12 hours prior to CE, but individual fasting times were not recorded, so we cannot draw conclusions about the relationship of prolonged fasting (i.e. >12 hours) to more complete studies that yielded better images. Similarly, it is possible that preparatory procedures (e.g. macrogol) could have improved image quality in these clinical cases as has been reported previously (Rychlik et al . 2014 ). Further study is needed to clarify the effect of fasting time and GI preparation on image acquisition. As the type of capsule we employed is not designed for evaluation of the large bowel (which is fully accessible by flexible endoscopy), evaluation of the large bowel was not a specific goal of our study. Moreover, studies have shown that capsules designed for evaluation of the small bowel in humans have limited utility in the evaluation of large bowel lesions in dogs, even when colonoscopy preparation protocols are utilised (Rychlik et al . 2014 ) .
In human CE, capsule retention in the small bowel is the most common complication (1.4% of cases), occurring most frequently in patients with Crohn ' s disease, neoplasia and NSAID-induced enteropathy (Liao et al . 2010 ) . It is defined as lasting 2 or more weeks and requiring intervention for removal (Cave et al . 2005 ) . The primary complication encountered in our study was incomplete examination owing to gastric retention in 3 of 8 patients. This was unrelated to small body size as it occurred in 3 of the larger dogs in our study (22 to 40 kg), and CE has been successfully performed in beagles with a mean body weight of 6 kg (Lee et al . 2011 ) . One of the patients had evidence of a diffuse enteropathy and another had ingesta within the stomach despite 12 hours of fasting, suggesting that a gastroenteropathy and/or delayed gastric emptying contributed to prolonged capsule residence in the stomach. However, as mentioned, there were no obvious effects of underlying GI disease on transit times based on the small number of animals in this pilot study, so we cannot confirm a causal relationship. Administration of pro-kinetic agents (metoclopramide and/or erythromycin) to the 3 dogs did not promote passage of the capsule into the duodenum, consistent with prior work demonstrating lack of effect of metoclopramide in improving study completion rates (Chang et al . 2008 ) . Human studies have shown that administration of erythromycin can significantly reduce GET of endoscopic capsules (Leung et al . 2005 ) ; however, pro-kinetic agents and bowel purgatives do not increase the likelihood of a complete study (Leung et al . 2005 , Caddy et al . 2006 , Postgate et al . 2009 , Eliakim 2013 . In 2 of 3 dogs with delayed gastric emptying in this study, the dogs vomited the capsule within 36 hours of administration; in the remaining dog, the capsule was removed with a flexible endoscope. In this patient, subsequent direct placement of a capsule into the duodenum was successful. While this negates the aforementioned benefits of avoiding anaesthesia in unstable patients, the ease of endoscopic placement suggests that combining CE and conventional endoscopy may be an effective means of evaluating the portion of the SI that is outside the reach of the flexible endoscope. Studies in humans have demonstrated that endoscopic placement of capsules that were delayed in the oesophagus or stomach into the small bowel improves the rate of complete exams, resulting in a higher diagnostic yield . This study was performed to evaluate the feasibility and ability of CE to detect mucosal lesions in dogs presenting for evaluation of GI haemorrhage. The procedure was well tolerated and free from adverse effects in a variety of breeds. However, the detection of infrequent adverse events would require a substantially larger study population than described herein. Five of 8 patients had a complete CE study unaided, while a sixth was successfully examined after endoscopic insertion of the capsule in the duodenum. High-quality images were obtained in the stomach and small intestine, with mucosal bleeding, erosions, a gastric mass, intestinal parasites and healing duodenal ulcers observed. The lesions identified by CE were considered to represent a significant source of GI haemorrhage in 4 of 7 dogs with active bleeding. Gastric lesions were also detected in 2 of 3 patients whose capsule remained in the stomach despite treatment with pro-kinetics. In addition, CE enabled the exploration of regions of the small bowel that are inaccessible to traditional flexible endoscopes. Our findings suggest that CE is a non-invasive method to detect mucosal lesions associated with GI bleeding in dogs and can be particularly useful for patients considered unsuitable for anaesthesia and conventional flexible endoscopy. B) demonstrating frank blood within the gastric fluid (circle) and suspected rugal thickening and erosion in the pyloric antrum (arrow) of a patient presenting for iron-deficiency anaemia and melaena ( Case 4 ). Flexible endoscopy revealed an irregular appearance of the duodenal mucosa. Haemorrhage was thought to be the result of endoscope passage through the tissue, although the tissue was subjectively more friable and demonstrated an increased amount of haemorrhage in response to endoscope passage (C). Endoscopically placed capsule demonstrated a large number of tapeworm segments (arrows) within the distal small intestine (D) as well as frank blood during capsule passage through the colon (E). Colonoscopy subsequently revealed mucosal lesions and haemorrhage suggestive of angiodysplasia in this patient (F).
